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Soil Genesis and Development, 
Lesson 1: Rocks, Minerals,  
and Soils
By: Dennis McCallister, Christoph Geiss, Martha Mamo,* 





Abstract: Most soil parent materials were rocks at some 
time in their history. The minerals in rocks may contrib-
ute to soil fertility and other soil properties long after the 
original rock is gone. Consequently, it is a valuable skill to 
be able to identify broad categories of rock. This lesson will 
discuss igneous, metamorphic, and sedimentary rocks and 
the minerals found in them. The lesson will also provide 
opportunities for students to identify rocks based on given 
characteristics.
At the completion of this lesson, students will be able to do 
the following: 
1. Classify rocks based on visual characteristics accord-
ing to the major types: igneous, metamorphic, and 
sedimentary.
2. Predict the influence of “parent” rock on soil proper-
ties.
The lesson uses an interactive approach, embedding ques-
tions in each section of the lesson. The lesson is written 
to target educational needs of lower-level undergraduate 
students and is open for use by the public and educational 
institutions.  
Key Words: minerals, rocks, soil, weathering. 
Contact: D. McCallister, M. Mamo, T. Kettler, P. Morner, 
Dep. of Agronomy and Horticulture, University of Nebraska, 
279 Plant Science, Lincoln, NE 68583; C. Geiss, Dep. of 
Physics, Trinity College, 300 Summit Street, Hartford, CT 
06106; J. Ippolito, USDA-ARS-NWISRL, 3793 North 3600 
East, Kimberly, ID 83341-5076; R. Reuter, Oregon State 
University, 2600 NW College Way-Cascades Hall, Bend, OR 
97701; J. Soester, Cherry Co. 4-H and Youth Development, 
132 S. Hall St., Valentine, NE 69201.*Corresponding author 
(mmamo3@unl.edu).
Development of this lesson was supported by the National 
Science Foundation Course, Curriculum, and Laboratory 
Improvement Program (NSF-CCLI), Award Number DUE-
0042603. Any opinions, findings, conclusions or recom-
mendations expressed in this publication are those of the 
author(s) and do not necessarily reflect the view of NSF.
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Soil Genesis and Development, 
Lesson 2: Weathering Processes  
of Rocks and Minerals
By: Martha Mamo,* Timothy Kettler, James Ippolito, 





Abstract: Weathering of rocks and minerals, which include 
physical, chemical, and biological processes, contributes to 
the development of soil. The degree of weathering depends 
not only on the rock and mineral composition but also 
on climate and biological activities. Experiential learning 
activities for different global regions support the learning 
objectives.
At the completion of this lesson, students will be able to do 
the following: 
1. Describe how climatic factors influence the weather-
ing of rocks and minerals.
2. Define and distinguish physical, chemical, and bio-
logical weathering processes.
The lesson is written to target educational needs of lower-
level undergraduate students in earth and environmental 
sciences and is available for use by the public and educa-
tional institutions
Key Words: minerals, rocks, soil, weathering.
Contact: M. Mamo, T. Kettler, D. McCallister, P. Morner, 
Dep. of Agronomy and Horticulture, University of Nebraska, 
279 Plant Science, Lincoln, NE 68583; J. Ippolito, USDA-
ARS-NWISRL, 3793 North 3600 East, Kimberly, ID 83341-
5076; R. Reuter, Oregon State University, 2600 NW College 
Way-Cascades Hall, Bend, OR 97701; J. Soester, Cherry Co. 
4-H and Youth Development, 132 S. Hall St., Valentine, NE 
69201. *Corresponding author (mmamo3@unl.edu) 
Development of this lesson was supported by the National 
Science Foundation Course, Curriculum, and Laboratory 
Improvement Program (NSF-CCLI), Award Number DUE-
0042603. Any opinions, findings, conclusions or recom-
mendations expressed in this publication are those of the 
author(s) and do not necessarily reflect the view of NSF.
J. Nat. Resour. Life Sci. Educ. 38:238 (2009). 
doi:10.4195/jnrlse.2007.0033w • http://www.JNRLSE.org
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Soil Genesis and Development, 
Lesson 3: Soil Forming Factors
By: James Ippolito, Martha Mamo,* Timothy Kettler, 





Abstract: This lesson explores the five major factors of 
soil formation—(1) climate, (2) organisms, (3) time, (4) 
topography, and (5) parent material—and their influence 
in forming soil. The distinction between active and passive 
factors, moisture and temperature regimes, organism and 
topographic influences, and parent material sources are 
described. 
At the completion of this lesson, students will be able to do 
the following:
1. Identify the five factors of soil formation.
2. Explain the effects of each of the factors on soil 
formation.
3. Explain how types of parent material differ in terms 
of mode of deposition and degree of sorting.
The lesson is written to target educational needs of lower-
level undergraduate students and is available for use by the 
public and educational institutions. 
Key Words: climate, parent material, soil formation, 
topography, vegetation, weathering.
Contact: J. Ippolito, USDA-ARS-NWISRL, 3793 North 3600 
East, Kimberly, ID 83341-5076; M. Mamo, T. Kettler, D. 
McCallister, P. Morner, Dep. of Agronomy and Horticulture, 
University of Nebraska, 279 Plant Science, Lincoln, NE 
68583; R. Reuter, Oregon State University, 2600 NW Col-
lege Way-Cascades Hall, Bend, OR 97701; Jody Soester, 
Cherry Co. 4-H and Youth Development, 132 S. Hall St., 
Valentine, NE 69201. *Corresponding author (mmamo3@
unl.edu).
Development of this lesson was supported by the National 
Science Foundation Course, Curriculum, and Laboratory 
Improvement Program (NSF-CCLI), Award Number DUE-
042603. Any opinions, findings, conclusions or recom-
mendations expressed in this publication are those of the 
author(s) and do not necessarily reflect the view of NSF.
J. Nat. Resour. Life Sci. Educ. 38:239 (2009). 
doi:10.4195/jnrlse.2007.0035w • http://www.JNRLSE.org
Soil Genesis and Development, 
Lesson 4: Soil Profile Development
By: Ronald Reuter, Martha Mamo,* Timothy Kettler, James 





Abstract: The processes occurring over time in a soil are 
reflected in vertical and lateral physical and chemical char-
acteristics of that soil. The four soil forming processes, in 
conjunction with the five factors of soil formation, organize 
parent material into a soil profile that consists of soil hori-
zons. These processes can occur over millennia; however, 
they can also be influenced by short-term variables such as 
human use. Understanding the processes enables inter-
pretation of the natural history of a soil and provides a 
starting point to evaluate how future changes will affect the 
soil resource. Combining landscape history with knowledge 
of principles of soil profile development allows for more 
precise and effective land use planning, from residential 
development to precision agricultural practices.
At the completion of this lesson, students will be able to do 
the following:
1. Describe the four major soil forming processes.
2. Describe how these four processes redistribute soil 
materials in vertical and horizontal dimensions.
3. Explain which soil processes are dominant in each 
soil horizon.
4. Develop a profile horizon sequence based on given 
soil properties and a set of soil forming factors
5. Describe the general soil forming processes based 
on the soil forming factors that led to the develop-
ment of a given soil profile.
The lesson is written to target educational needs of lower-
level undergraduate students and is open for use by the 
public and educational institutions. 
Key Words: horizon, soil formation, soil processes, soil 
profile, weathering.
Contact: R. Reuter, Oregon State University, 2600 NW 
College Way-Cascades Hall, Bend, OR 97701; M. Mamo, 
T. Kettler, D. McCallister, P. Morner, Dep. of Agronomy and 
Horticulture, University of Nebraska, 279 Plant Science, Lin-
coln, NE 68583; J. Ippolito, USDA-ARS-NWISRL, 3793 North 
3600 East, Kimberly, ID 83341-5076; Jody Soester, Cherry 
Co. 4-H and Youth Development, 132 S. Hall St., Valentine, 
NE 69201. *Corresponding author (mmamo3@unl.edu).
Development of this lesson was supported by the National 
Science Foundation Course, Curriculum, and Laboratory 
Improvement Program (NSF-CCLI), Award Number DUE-
042603. Any opinions, findings, conclusions or recom-
mendations expressed in this publication are those of the 
author(s) and do not necessarily reflect the view of NSF.
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Soil Genesis and Development, 
Lesson 5: Soil Classification  
and Geography
By: Timothy Kettler, William Zanner, Martha Mamo*, James 





Abstract: The system of soil classification developed by the 
United States Department of Agriculture (USDA) is called 
Soil Taxonomy. This lesson focuses on broad descriptions of 
soils at the Order level of classification. 
At the completion of this lesson, students will be able to do 
the following: 
1. Describe the structure of the USDA soil taxonomic 
system.
2. Describe the defining characteristic(s) of each of the 
12 soil Orders.
3. Apply the concept of soil forming factors to the for-
mation and occurrence of each of the 12 soil Orders.
4. Identify regional scale occurrences of soil orders in 
the USA.
The lesson is written to target educational needs of lower-
level undergraduate students and is open for use by the 
public and educational institutions. 
Key Words: soil forming factors, soil orders, soil taxonomy. 
Contact: T. Kettler, M. Mamo, D. McCallister, P. Morner, 
Dep. of Agronomy and Horticulture, University of Nebraska, 
279 Plant Science, Lincoln, NE 68583; W. Zanner 
(deceased), Dep. of Soil, Water, and Climate, University of 
Minnesota, St. Paul, MN; J. Ippolito, USDA-ARS-NWISRL, 
3793 North 3600 East, Kimberly, ID 83341-5076; R. Reuter, 
Oregon State University, 2600 NW College Way-Cascades 
Hall, Bend, OR 97701; Jody Soester, Cherry Co. 4-H and 
Youth Development, 132 S. Hall St., Valentine, NE 69201. 
*Corresponding author (mmamo3@unl.edu).
Development of this lesson was supported by the National 
Science Foundation Course, Curriculum, and Laboratory 
Improvement Program (NSF-CCLI), Award Number DUE-
042603. Any opinions, findings, conclusions or recom-
mendations expressed in this publication are those of the 
author(s) and do not necessarily reflect the view of NSF.
J. Nat. Resour. Life Sci. Educ. 38:240 (2009). 
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